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DECLARATION OF DAVID A. COOK 
PURSUANT TO 37 C.F.R 81.131 

I do hereby declare as follows: 

1 . I am one of the inventors of the subj ect matter disclosed and claimed in 
the above-captioned application. 

2. I have been informed that the above-captioned application, US 
Application Serial No. 09/866,3 11 was filed on May 25, 2001 ("the US Application"), and 
that it claims priority from an earlier Great Britain application Serial No. 001 2602.9, filed 
May 25, 2000 ("the priority application"). 

3. I submit this Declaration for the purpose of providing evidence that the 
subject matter claimed in the Application was conceived in a WTO country as of a date prior 
in time to December 16, 1999, and that I diligently worked with our patent counsel toward 
filing a patent application with the British Patent Office, which consequently resulted in 1he 
filing of the above-captioned U.S. application, from a time at least as early as just prior to 
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Commissioner for Patents P.O. Box 1450, 
Alexandria, Virginia 22313-1450, on this date: 
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December 1 6, 1 999, up until the filing date of the priority application in Great Britain on May 
25, 2000. 

4. I have been informed that AHeain et aL, US Patent No. 6,357,320 
(hereinafter, "AHearn", a copy of which is attached hereto as Exhibit "A"), was cited against 
the claims pending in the above-captioned U.S. Application. 

5. I have been informed that the effective date of AUearn as an alleged 
prior art reference is December 16, 1999. 

6. I have read and understood AHeam. 

7. To establish the date of conception of our invention prior to December 
16, 1 999, 1 provide evidence in the form of an internal memorandum (Exhibit B) detailing 
aspects of the Soft Ride System ("the SRS system) with Hose Burst Control Valve (HBCV), 
which were the internal names for the systems combined in the invention disclosed and 
claimed in the U,S. Application. The memorandum describes certain aspects relating to the 
structure and operation of the SRS system and the HBCV system. The date has been 
redacted from Exhibit B. The memorandum was prepared in a WTO country, where our 
invention was also conceived, prior to December 16, 1999. 

8. To further establish the date of conception of our invention prior to 
December 16, 1999, 1 provide evidence in the form of another internal memorandum (Exhibit 
C), entitled "Engineering Team - Key Issues (On-Going), which includes Item Number 14 
relating to "Review SRS/120hp/5 speed/var. flow introduction . . The memorandum also 
includes item 15 which relates to the SRS and states "Demo. Smart forks, side shift, and SRS 
to TP." The date has been redacted, as have other items not related to the conception, 
reduction to practice, and/or development of the SRS system or components thereof. The 
memorandum was prepared in a WTO country, where the invention was also conceived, prior 
to December 16, 1999. 
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9. To still further establish the date of conception of the invention prior to 
December 16, 1999, 1 provide evidence in the form of six (6) Work Area Orders (Exhibit D-l 
through D-6) detailing still further aspects of the SRS system, including the development, 
testing, etc. of certain components and/or the entire system. The dates have been redacted 
from Exhibits D-l through D-6. The Work Area Orders were prepared in a WTO country, 
where our invention was also conceived, prior to December 16, 1999, 

1 0. To further establish the date of conception of our invention prior to 
December 16, 1999, 1 provide evidence in the form of an Engineering Drawing No. 
042/E30018 entitled "Boom Suspension" (Exhibit E) which shows aspects of the hydraulic 
ride improvement circuit, and includes a written/graphical description of one embodiment of 
a hydraulic circuit for a loader arm machine in which the hydraulic circuit includes a ride 
improvement system that remains operable while the loader arm is raised or lowered. The 
date has been redacted from Exhibit E. The drawing was prepared in a WTO country, where 
our invention was also conceived, prior to December 16, 1999. 

11. All statements made herein of my own knowledge are true and all 
statements made on information and belief are believed to be true; and further these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and such willful false statements may jeopaxdj^ the validity of the application 
or patent issued thereon. 



Date 7 



David Cook 



PATENCT 

Attorney Docket No. 06007/37458 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant Cooketal. 
Serial No.: 09/866,311. 
Filed: May 25, 2001 

For: "Hydraulic System for Wheeled 
Loader" 

Group Art Unit: 3745 
Examiner: F. Daniel Lopez 



) 
) 
) 
) 
) 
) 
) 
) 

) 

) 

) 

) 

) 

) 



I hereby certify that this paper ig being 
deposited with the United Slates Postal Service 
as first class mail, postage prepaid, in an 
envelope addressed to: Commissioner for 
Patents P.O. Box 14S0, Alexandria, Virginia 
22313-1450, on this date: 



May 17, 




Registration Nof 39,811 
Attorney for Applicants 



DECLARATION OF DAVID COOK 
UNDER 37 C.F.R.§1.132 



Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 

Sir: 

1. L David Cook CEng.. MJLMechJJ. declare that I am oe-inventor of the 
subject matter disclosed and claimed in the abovenientified patent application. 

2. I have earned a B.Tech Hons in Manufectnring Systems Engineering from the 
University of Bradford in the UK, I am currently employed as a Principal Engineer with 
J.CBamford Excavators Limited, assignee of the above-identified patent application. 

3. I submit This declaration to address issues raised in the office action dated 
December 16, 2003 in the above-identified application. One issue is the teachings of the 
Bauer, Marchi. and AHeam references cited by the Examiner. 

4. I have reviewed the Bauer, Marchi, and AHeam references. 



5 . I have observed that the Marchi reference relates to a hose burst protection 
system. Hose burst protection systems arc generally known. 

6. The Bauer reference does not teach or relate to a hose burst protection valve as 
presently claimed, and would not prevent the collapse of the boom if the hose between, far 
example, the selector valve 80 and the loader arm cylinders, were to burst 

7. The A'Hearn reference simply relates to a ride improvement system. Ride 
improvement systems are generally known. 

8 . Those of skill in the art generally regard a hose burst protection system and a 
ride improvement hydraulic circuit as incompatible systems- In sum, one of skill in the ait 
would not combining a hose burst protection system a ride improvement hydraulic circuit into 
a single system. Accordingly, the combination of a hose burst protection system and a ride 
improvement system into a single hydraulic circuit has a heretofore, not been accomplished. 

9. Moreover, none of the cited references relates to a system in which the loader 
aim can be raised and lowered while the ride improvement system is active. My 
understanding of the A'Hearn reference is that the ride improvement system disclosed therein 
is only active when the loader aim directional valve 24 is inactive/neutral. One of skill in the 
an would readily recognize that it is not possible to raise or lower the loader arm with the 
directional valve 24 in the inactive/neutral position. 

1 0. There has long been a need for the combination of the two incompatible 
systems (i.e., a hose burst protection system and a ride improvement system) into a single 
system. Nevertheless, no such system has yet been devised prior to the present invention. 

1 1 * Upon a detailed review of the A'Hearn reference, I note that the reference 
requires describes a complex system including quite a number of valves in order for its 
operation. More specifically, in addition to the valves 50 and 47 which connect to the raising 
and lowering sides of the lower arm, respectively, the AUearn reference also requires for its 



operation, the three^oation valve 32, and the two-position valve 68, in conjunction with the 
pilot source 30 and in conjunction with the resolver valve 66. 

12. By comparison, the present invention simply provides the functionality of a 
ride improvement system without resort to the multitude of hydraulic positional valves of 
AHaanL, whilst still providing a hose burst protection system.. 

13. Heretofore, those of ordinary with skill in the art of hydraulic circuit design for 
hydraulic loaders would not understand that hose burst protection in conjunction with a ride 
improvement system could be provided in a single hydraulic circuit 

14. I declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements wore made with the knowledge that willful false statements and the like to 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application involved in the above-identified interference or any patent issuing thereon, 

David Cook 

May 17. 2004 
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(57) ABSTRACT 

A hydraulic ride control system is disclosed and adapted to 
control the ride of a machine having a load. The ride control 
includes an accumulator arrangement that is selectively 
connected with the actuator that is carrying the load to 
provide a cushion ride during traveling and to enable the 
pressure in the accumulator arrangement to be maintained 
substantially the same as the pressure in the actuator when 
raising the load and to permit the pressure in the accumulator 
arrangement to be lowered to that of the pressure in the 
actuator in the event the load is lessened. The ride control 
system also provides an arrangement that permits the accu- 
mulator arrangement to be bled down whenever the machine 
becomes disabled or when the machine is shut off. 

15 Claims, 6 Drawing Sheets 
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HYDRAULIC RIDE CONTROL SYSTEM 
TECHNICAL FIELD 

This invention relates generally to a ride control system 
for a machine and more particularly to a control system for 
selectively providing a cushioned ride control. 

BACKGROUND ART 

In known ride control systems for machines, cushioning 
of the ride is controlled by an accumulator or accumulators 
connected in parallel to the actuator cylinders. In such 
machines having a bucket or such on the front or back 
thereof, there is a possibility that the machine will lope or 
bounce due to the weight of the bucket reacting to the 
machine traveling over rough terrain or other obstacles. It is 
desirable to selectively activate the ride control and not 
permit the bucket to have any degree of movement from its 
initial position and to permit any pressure in the accumulator 
to be bled down when the machine is shut down. Known ride 
control systems are often complex and give the actuators/ 
cylinders a spongy feeling. 

The present invention is directed to overcoming one or 
more of the problems as set forth above. 

DISCLOSURE OF THE INVENTION 

In one aspect of the present invention a hydraulic ride 
control system is provided and adapted for use in a fluid 
system of a machine to cushion the ride of the machine in 
response to initiation of a ride control mode command. The 
machine includes a frame with an actuator arrangement 
disposed between the frame and a load to raise and lower the 
load relative to the frame. The actuator arrangement has a 
raise port and a lower port and is operative upon initiation 
of a raise mode command to raise the load to a desired height 
in response to pressurized fluid being selectively directed to 
the raise port from a source of pressurized fluid and to 
exhaust fluid from the raise port to a reservoir in response to 
initiation of a lower mode command. The hydraulic ride 
control system includes an accumulator arrangement con- 
nectable to the raise port of the actuator arrangement, a first 
valve arrangement and a second valve arrangement. The first 
valve arrangement is connectable between the lower port of 
the actuator arrangement and the reservoir and operative to 
selectively connect the lower port to the reservoir in 
response to initiation of a ride control mode command. The 
second valve arrangement is disposed between the accumu- 
lator arrangement and the raise port of the actuator arrange- 
ment and operative to selectively connect the accumulator 
arrangement to the raise port of the actuator arrangement in 
response to one or both of the initiation of the raise mode 
command and the initiation of a ride control mode com- 
mand. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a ride control 
system of a machine incorporating an embodiment of the 
subject invention; 

FIG. 2 is a schematic representation of a ride control 
system of a machine incorporating another embodiment of 
the subject invention; 

FIG. 3 is a schematic representation of a ride control 
system of a machine incorporating yet another embodiment 
of the subject invention; 

FIG. 4 is a schematic representation of a ride control 
system of a machine incorporating yet another embodiment 
of the subject invention; 
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FIG. 5 is a schematic representation of a ride control 
system of a machine incorporating yet another embodiment 
of the subject invention; and 

FIG. 6 is a schematic representation of a ride control 
5 system of a machine incorporating yet another embodiment 
of the subject invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

10 Referring to the drawings, and more particularly to FIG. 
1, a fluid system 10 is illustrated and adapted for use in a 
machine (not shown) to control the riding comfort of the 
machine. A frame 12 and a load (bucket) 14 is diagram - 
matically illustrated in combination with the fluid system 10. 

15 The fluid system 10 includes an actuator arrangement 16 
disposed between the frame 12 and the load 14. The actuator 
arrangement 16 has a raise port 18 and a lower port 20. In 
the subject embodiment, two hydraulic cylinders are shown 
but it is recognized that only one or more than two cylinders 

20 could be used. A source of pressurized fluid, such as a pump 
22, receives fluid from a reservoir 23 and provides pressur- 
ized fluid through a directional control valve 24 to the 
actuator arrangement 16 in a conventional manner to con- 
trollably raise and lower the load. Conduits 26,28 direct the 

25 fluid flow between the directional control valve 24 and the 
raise and lower ports 18,20 of the actuator arrangement 16. 
In the subject embodiment, the movement of the directional 
control valve 24 is controlled by a pilot system 29. The pilot 
system 29 includes a source of pressurized pilot fluid 30 

30 which directs a raise mode command and a lower mode 
command to the directional control valve 24 through respec- 
tive pilot conduits 34,36. 

A hydraulic ride control system 40 is provided and 

35 includes an accumulator arrangement 42 connected to the 
raise port 18 of the fluid actuator arrangement 16 through a 
conduit 44. The accumulator arrangement 42 is selectively 
connected to the reservoir 23 through a conduit 45 having a 
manually operated shutoff valve 46 disposed therein. 

40 A first valve arrangement 47 is disposed in a conduit 48 
between the lower port 20 of the actuator arrangement 16 
and the reservoir 23. The first valve arrangement 47 is 
mechanically biased to a flow blocking position and mov- 
able to a flow passing position in response to receipt of a 

45 signal through a signal conduit 49 that is representing 
initiation of a ride control mode command. 

A second valve arrangement 50 is provided and disposed 
in the conduit 44 between the raise port 18 and the accu- 
mulator arrangement 42. The second valve arrangement 50 

50 includes a two position valve 52 that is mechanically biased 
to a flow blocking position and movable to a flow passing 
position in response to receipt of a command signal thereto 
through a conduit 54. 
The second valve arrangement 50 also includes a flow 

55 restriction mechanism 56 disposed in a conduit 58 between 
the raise port 18 and the accumulator arrangement 42 in 
parallel with the two position valve 52. The flow restriction 
mechanism 56 of the subject embodiment includes a one- 
way check valve 60 disposed in the conduit 58 and is 

60 operative to permit flow from the accumulator arrangement 
42 to the raise port 18 and prohibit reverse flow therethrough 
from the raise port 18 to the accumulator arrangement 42. A 
damping orifice 62 is also disposed adjacent the one-way 
check valve in the conduit 58 between the one-way check 

65 valve 60 and the accumulator arrangement 42. 

The raise mode command is produced by controllably 
connecting the source of pressurized fluid 30 to the conduit 
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34 via a shifted valve 32. The pressure signal which repre- 
sents the raise mode command is directed through a conduit 
64, a resolver valve 66 and the signal conduit 54 to the two 
position valve 52. 

The ride control mode command is produced by receiving 
a pressure signal from the source of pressurized pilot fluid 30 
through an electrically actuated two position switching valve 
68 to the signal conduit 49. The electrically actuated two 
position switching valve 68 is mechanically biased to a first 
position at which the source of pressurized pilot fluid 30 is 
blocked from the signal conduit 49 and the signal conduit 49 
is open to the reservoir 23 and a second position at which the 
source of pressurized pilot fluid 30 is in communication with 
the signal conduit 49 and the signal conduit 49 is blocked 
from the reservoir 23. The ride control mode command is 
also directed to the two position valve 52 of the second valve 
arrangement 50 through a conduit 70, the resolver 66 and the 
conduit 54. 

Referring to FIG. 2 another embodiment of the subject 
invention is illustrated. Like elements have like element 
numbers. In the embodiment of FIG. 2, the first valve 
arrangement 47 is a two position valve that is proportionally 
moved from a flow blocking position towards a flow passing 
position in response to the ride control mode command as 
directed through the signal conduit 49. 

In the mechanically biased position of the electrically 
actuated two position switching valve 68, the raise mode 
command is communicated through the conduit 64 across 
the electrically actuated two position switching valve 68 to 
the signal conduit 49 instead of the signal conduit 49 being 
connected to the reservoir 23 as set forth with respect to FIG. 
1. 

Referring to FIG. 3, another embodiment of the present 
invention is disclosed, like elements have like element 
numbers. The embodiment of FIG. 3 is very similar to that 
of FIG. 1. The only difference is that the manually operated 
shutoff valve 46 disposed between the accumulator arrange- 
ment 42 and the reservoir 23 is replaced with a two position 
bypass valve 74. The two position bypass valve 74 is 40 
mechanically biased to a flow passing position and movable 
to a flow blocking position in response to the source of 
pressurized fluid 22 or in response to the source of pressur- 
ized pilot fluid 30. A conduit 76 connects the source of 
pressurized fluid 22 to the two position bypass valve 74. The 
source of pressurized pilot fluid 30 is connected to the two 
position bypass valve 74 through a conduit 78, a resolver 
valve 80 and a portion of the conduit 76. 

Referring to FIG. 4, another embodiment of the subject 
invention is disclosed. Like elements have like element 
numbers. The embodiment of FIG. 4 is very similar to FIG. 
3. The difference therebetween is that the flow restriction 
mechanism 56 of FIG. 4 is different. The flow restriction 
mechanism 56 of FIG. 4 includes a proportionally controlled 
two position valve 82 disposed in a conduit 84 between the 
accumulator arrangement 42 and the reservoir 23 and is 
responsive to the relationship between the pressures of fluid 
in the raise port 18 of the actuator arrangement 16 and the 
accumulator arrangement 42 through respective conduits 
86,88. The proportionally controlled two position valve 82 
is mechanically biased to a first position by a spring 90 and 
by the pressure from the raise end port 18 at which the 
conduit 84 from the accumulator arrangement 42 is blocked 
from the reservoir 23 and movable towards a second posi- 
tion by the pressure in the accumulator arrangement 42 at 
which the conduit 84 from the accumulator arrangement 42 
is in communication with the reservoir 23. 
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Referring to FIG. 5, another embodiment of the subject 
invention is disclosed. Like elements have like element 
numbers. The embodiment of FIG. 5 is very similar to that 
of FIG. 4. One of the differences is that in the embodiment 
of FIG. 5, a choke and check valve arrangement 92 is 
disposed in the signal conduit 49 between the electrically 
actuated two position switching valve 68 and the first and 
second valve arrangements 47,50. The choke and check 
valve arrangement 92 operates in a conventional manner to 
permit free flow of fluid in the signal conduit 49 from the 
first and second valve arrangements 47,50 to the electrically 
actuated two position switching valve 68 and to choke/ 
restrict the rate of flow from the electrically actuated two 
position switching valve 68 to the first and second valve 
arrangements 47,50. 

Another difference is that a two position blocker valve 94 
is disposed in the conduit 84 between the proportionally 
controlled two position valve 82 and the reservoir 23. The 
two position blocker valve 94 is mechanically biased to a 
flow blocking position and movable to a flow passing 
position in response to receipt of the ride control mode 
command delivered thereto through a signal conduit 96 that 
is connected to the signal conduit 49 between the electrically 
actuated two position switching valve 68 and the choke and 
check valve arrangement 92. 

Additionally, a pilot operated check valve 98 is disposed 
in the conduit 44 generally adjacent the two position valve 
52 of the second valve arrangement 50. The pilot operated 
check valve 98 is operative to block the flow of fluid from 
the accumulator arrangement 42 to the two position valve 52 
in the absence of a ride control mode command and is 
moved to a flow passing position in response to receipt of the 
ride control mode command through a conduit 100 that is 
connected to the signal conduit 49 between the choke and 
check valve arrangement 92 and the first and second valve 
arrangements 47,50. 

Referring to FIG. 6, another embodiment of the subject 
invention is disclosed. Like elements have like element 
numbers. The embodiment of FIG. 6 is very similar to the 
embodiment of FIG. 5. In the embodiment of FIG. 6 the two 
position bypass valve 74 and the conduit 45 connecting the 
accumulator arrangement 42 with the reservoir has been 
removed along with the conduits 76,78 and associated 
resolver valve 80. 

Additionally, the flow restriction mechanism 56 is differ- 
ent. The flow restriction mechanism 56 of FIG. 6 includes a 
single proportional valve 102 that replaces the proportion- 
ally controlled two position 82, the two position blocker 
valve 94, the bypass valve 74 and the conduit 45. The single 
proportional valve 102 is movable between a first position at 
which the accumulator arrangement 42 is in communication 
with the reservoir 23 and a second position at which the 
accumulator arrangement 42 is blocked from the reservoir 
23. The single proportional valve 102 is mechanically biased 
to its first position by a spring 104, the pressure of the fluid 
in the accumulator arrangement 42 delivered through the 
conduit 88 and the ride control mode command as delivered 
through the conduit 96. The single proportional valve 102 is 
movable towards its second position in response to the 
pressure of the source of pressurized pilot fluid 30 as 
delivered through conduit 106 and the pressure in the raise 
port 18 of the actuator arrangement 16 as delivered through 
the conduit 86. 

It is recognized that various other embodiments or com- 
binations of the embodiments of FIGS. 1-6 could be used 
without departing from the essence of the subject invention. 
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For example, the first valve arrangement 47 of FIGS. 1,3-6 
could be a pilot operated check valve as opposed to the two 
position valve set forth and described. It is also recognized 
that the first valve arrangement 47, the two position valve 52 
of the second valve arrangement 50, the two position bypass 
valve 74, the proportionally controlled two position valve 82 
and the two position blocker valve 94 of the flow restriction 
mechanism 56 could be controlled electrically by using 
pressure sensors to monitor operating pressures at various 
locations within the fluid system and delivering the sensed 
pressures to an electronic controller which in turn would 
control opening and closing the respective valves accord- 
ingly. 

INDUSTRIAL APPLICABILITY 

During normal operation of the fluid system as set forth in 
FIG. 1, the load 14 is raised and lowered in response to an 
input to the pilot control valve 32. The raise mode command 
is established by moving the pilot control valve 32 to the 
position to direct pressurized pilot fluid through the pilot 
conduit 34 to the directional control valve 24. The direc- 
tional control valve in turn moves towards its operative raise 
position which directs pressurized fluid from the pump 22 to 
the raise ports 18 of the actuator arrangement 16. Fluid being 
exhausted from the lower ports 20 is directed across the 
directional control valve 24 to the reservoir 23. During 
normal raising and lowering of the load 14, fluid flow from 
the lower ports 20 of the actuator arrangement 16 through 
the first valve arrangement 47 to the reservoir 23 is blocked 
since the first valve arrangement 47 is in its flow blocking 
position. At the same time, fluid flow from the raise ports 18 
to the accumulator arrangement 42 is permitted to pass 
through the two position valve 52 of the second valve 
arrangement 50. The two position valve 52 is moved to its 
flow passing position since the raise mode command is 
directed thereto through the conduits 64,54. Consequently, 
the pressure in the accumulator arrangement 42 is continu- 
ously maintained the same as the pressure of the load as 
measured at the load ports 18 during the raise mode. 

When it is desirable to raise a load and carry it for a 
distance, the load is raised to a desired height, and the 
directional control valve 24 is returned to the position 
illustrated in FIG. 1. At this point the two position valve 52 
returns to its flow blocking position. In order to initiate the 
hydraulic ride control system 40, an electrical signal is 
directed to the two position switching valve 68 moving it to 
the position to connect the source of pressurized pilot fluid 
30 to the signal conduit 49 thus initiating the ride control 
mode command. The ride control mode command is directed 
simultaneously to the first valve arrangement 47 and the two 
position valve 52 of the second valve arrangement 50 
moving each of them to their respective flow passing posi- 
tions. 

With the first valve arrangement 47 in its flow passing 
position, flow is free to travel therethrough between the 
lower ports 20 and the reservoir 23. Likewise, flow is free to 
pass between the accumulator arrangement 42 and the raise 
ports 18 across the two position valve 52. Since the accu- 
mulator arrangement 42 was pre-charged during the raise 
mode, there is no movement of the load as the two position 
valve 52 moves to its open position to connect the raise ports 
therewith. As the machine travels along its path, the accu- 
mulator arrangement 42 absorbs any bouncing or shocks 
induced by the load so that the machine is not subjected to 
sudden shocks or bouncing. 

When the ride control mode is de-activated, the two 
position valve 68 returns to its mechanically biased position 
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which vents the signal conduit 49 to the reservoir 23. As a 
result thereof, the first valve arrangement 47 and the two 
position valve 52 return to their respective flow blocking 
positions. If the load is lightened by, for example, a portion 

5 of the load being dumped, the pressure in the raise ports 18 
is proportionally reduced. Once the pressure in the raise 
ports 18 lessens, the higher pressure in the accumulator 
arrangement 42 is lowered to match the pressure in the raise 
ports 18 by bleeding down through the orifice 62 and the one 
Q way check valve 60. Therefore, in the event it is desirable to 
subsequently activate the ride control, there is not sudden 
movement of the load since the pressure of the load is 
substantially the same as the pressure in the accumulator 
arrangement 42. 

15 In the event the machine becomes disabled with the 
accumulator arrangement 42 charged to a high level, the 
pressure in the accumulator arrangement 42 can be bled 
down by opening the manually operated shutoff valve 46. 
The operation of the embodiment of FIG. 2 is the same as 

20 that of FIG. 1 with respect to normal raise and lower 
operations. Likewise, the operation of the ride control sys- 
tem 40 operates in the same manner. The only difference 
between the operation of the two embodiments is that during 
the raise mode with the ride control de -activated, the raise 

25 mode command is directed through the electrically actuated 
switching valve 68 to both the first valve arrangement 47 and 
the two position valve 52 of the second valve arrangement 
50. The raise mode command moves the two position valve 
52 to its flow passing position so that the pressure in the raise 

30 ports 18 is connected to the accumulator arrangement 42 
thus equalizing the pressures therebetween. At the same 
time, the raise mode command moves the first valve arrange- 
ment 47 towards its flow passing position in proportion to 
the magnitude of the raise mode command. This permits the 

35 flow from the lower ports 20 to controllably pass to the 
reservoir 23 thereacross. The remainder of the operation is 
the same as that with respect to FIG. 1. 

The operation of the embodiment of FIG. 3 is the same as 
that with respect to FIG. 1 with the exception that the 

40 manually operated shutoff valve 46 has been replaced with 
the two position bypass valve 74. During normal operation 
with either the source of pressurized fluid or the source of 
pressurized pilot fluid operational, the two position bypass 
valve 74 is maintained in its flow blocking position. It is 

45 recognized that either of the sources of pressurized fluid 
could be solely connected to the bypass valve 74. If the 
machine becomes disabled so that the associated source of 
pressurized fluid 22/30 is not producing fluid flow, the 
bypass valve 74 is mechanically urged to its flow passing 

so position thus connecting the accumulator arrangement 42 
with the reservoir 23. 

The operation of the embodiment of FIG. 4 is the same for 
normal operation and operation of ride control as that with 
respect to FIG. 1. The major difference in the operation of 

55 the embodiment of FIG. 4 is in balancing the pressure in the 
accumulator arrangement 42 with respect to the pressure in 
the raise ports 18. In the embodiment of FIG. 4, in the event 
the load is lessened by removing a portion of the load, the 
pressure in the raise ports 18 is likewise lowered, If the raise 

60 ports 18 were connected to the accumulator arrangement 42 
under these conditions, as in FIGS. 1-3, the load would 
slightly move upward until the pressures are equalized. But 
in FIG. 4, with the pressure in the raise ports 18 at a lower 
level than that of the pressure in the accumulator arrange- 

65 ment 42, the difference in the respective pressures acting on 
the proportionally controlled two position valve 82 moves 
the proportionally controlled two position valve 82 towards 
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its flow passing position thus bleeding off pressurized flow 
from the accumulator arrangement 42 through the conduit 
84 to the reservoir 23. Once the respective pressures in the 
raise ports 18 and the accumulator arrangement 42 are again 
balanced the proportional valve 82 returns towards its flow 5 
blocking position to maintain the pressure balance therebe- 
tween. 

The operation of FIG. 5 is similar for normal operation 
and operation of ride control as that with respect to FIG. 1. 
The operation of the proportionally controlled two position 10 
valve 82 is the same as that with respect to FIG. 4. However, 
in the operation of the embodiment of FIG. 5, the two 
position blocker valve 94 prohibits the flow from the pro- 
portionally controlled two position valve 82 to pass there- 
through when the system is being operated with the ride 15 
control mode de-activated. Consequently, if the load has 
been lessened during normal operation, the pressure in the 
accumulator arrangement 42 is maintained higher than that 
in the raise ports 18. Once the ride control mode is activated, 
the two position blocker valve 94 is moved to its flow 20 
passing position. 

In order to provide a slight time delay between activating 
the ride control mode which moves the blocker valve 94 to 
its flow passing position and the opening of the two position 
valve 52 of the second valve arrangement 50, the choke and 2 5 
check valve arrangement 92 is disposed in the signal conduit 
49 downstream of the connection with the blocker valve 94 
and upstream of the connection with the first and second 
valve arrangements 47,50. Since the ride control mode 
command to the first and second valve arrangements is 30 
choked/restricted, the bypass valve 94 opens first to permit 
pressure balancing between the raise ports 18 and the 
accumulator arrangement 42 prior to the raise ports 18 being 
placed in communication with the accumulator arrangement 
42 across the two position valve 52. 35 

The addition of the pilot operated check valve 98 adjacent 
the two position valve 52 operates to permit holding of a 
higher pressure in the accumulator arrangement 42 during 
normal operation when the load is being raised without the 
ride control being activated. The use of the pilot operated 40 
check valve 98 helps extend the life of the accumulator 
arrangement 42. By keeping the pressure in the accumulator 
arrangement 42 from continuously increasing and decreas- 
ing due to normal operation, the life of the accumulator 
arrangement 42 is increased. Initiation of the ride control 45 
mode command directs a signal to the pilot operated check 
valve 98 moving it to its open position thus permitting free 
flow between the raise ports 18 and the accumulator arrange- 
ment 42. 

The operation of the embodiment of FIG. 6 is the same as 50 
that for FIG. 5 during normal operation and during the ride 
control mode of operation. The flow restriction mechanism 
56 of FIG. 6 is a single proportional valve 102 that is 
operative to provide the functions of the flow restriction 
mechanism 56 and the two position bypass valve 74 of FIG. 55 
5. The pressures of the fluid in the accumulator arrangement 
42 and the raise ports 18 are equalized by the pressure 
relationship of the respective pressures being directed to the 
proportional valve 102 and controllably venting a portion of 
the pressure in the accumulator arrangement 42 if the load 60 
is lessened. Since the pressure of the source of pressurized 
pilot fluid 30 is acting on the proportional valve 102 urging 
it to its flow blocking position, the pressure balancing of the 
accumulator arrangement 42 and the raise ports 18 cannot 
happen until the cushion ride mode is activated. Once the 65 
cushion ride mode is activated, the cushion ride mode 
command is directed to the proportional valve 102 through 
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the conduit 96 in opposition to the force created by the 
source of pressurized pilot fluid 30 acting on the other end. 
Consequently, thereafter, the proportional valve 102 can 
function to equalize the pressures between the raise ports 18 
and the accumulator arrangement 42. 

Likewise, since the source of pressurized pilot fluid 30 is 
acting on the proportional valve 102 urging it towards its 
flow blocking position and the cushion ride control mode 
command is acting to urge it towards the flow passing 
position and the ride control mode command is established 
by the source of pressurized pilot fluid 30, absence of the 
source of pressurized pilot fluid 30 permits the combined 
forces of the pressure of the fluid in the accumulator 
arrangement 42 and the mechanical biasing spring 104 to 
urge the proportional valve 102 to its flow passing position 
to bleed-off the pressure in the accumulator arrangement 42 
in the event that the machine is disabled. 

From the foregoing, it is readily apparent that the subject 
hydraulic ride control system 40 provides a cushion ride 
arrangement for a machine that permits the pressure in the 
accumulator arrangement 42 to be equalized with the pres- 
sure of the fluid in the raise ports 18 and to permit the 
accumulator arrangement 42 to be bled down in the event 
that the machine is disabled. 

Other aspects, objects and advantages of the invention can 
be obtained from a study of the drawings, the disclosure and 
the appended claims. 

What is claimed is: 

1. A hydraulic ride control system adapted for use in a 
fluid system of a machine to cushion the ride of the machine 
in response to initiation of a ride control mode command, the 
machine having a frame with an actuator arrangement 
disposed between the frame and a load to raise and lower the 
load relative to the frame, the actuator arrangement having 
a raise port and a lower port, the actuator arrangement being 
operative upon initiation of a raise mode command to raise 
the load to a desired height in response to pressurized fluid 
being selectively directed to the raise port from a source of 
pressurized fluid and to exhaust fluid from the lower port to 
a reservoir in response to initiation of a lower mode 
command, the hydraulic ride control system comprising: 

an accumulator arrangement connectable to the raise port 
of the actuator arrangement; 

a first valve arrangement connectable between the lower 
port of the actuator arrangement and the reservoir and 
operative to selectively connect the lower port to the 
reservoir in response to initiation of a ride control mode 
command; 

a second valve arrangement disposed between the accu- 
mulator arrangement and the raise port of the actuator 
arrangement, the second valve arrangement being 
operative to selectively connect the accumulator 
arrangement to the raise port of the actuator arrange- 
ment and being operative in response to initiation of the 
ride control mode command to selectively connect the 
accumulator arrangement to the raise port of the actua- 
tor arrangement. 

2. The hydraulic ride control system of claim 1 wherein 
the second valve arrangement is a two position valve that is 
mechanically biased to a flow blocking position, the two 
position valve is movable to a flow passing position in 
response to initiation of the raise mode command and is 
movable to a flow passing position in response to initiation 
of the ride control mode command. 

3. The hydraulic ride control system of claim 2 wherein 
the second valve arrangement includes a flow restriction 
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mechanism connectable between the accumulator arrange- 
ment and the raise port of the actuator arrangement in 
parallel with the two position valve. 

4. The hydraulic ride control system of claim 3 wherein 
the flow restriction mechanism is a one way check valve 5 
which permits flow away from the accumulator arrangement 
towards the raise port of the actuator arrangement and 
prohibits reverse thereto. 

5. The hydraulic ride control system of claim 3 wherein 
the flow restriction mechanism is a proportionally controlled 
two position valve that controllably directs pressurized fluid to 
from the accumulator arrangement to the reservoir respon- 
sive to the relationship between the pressure of the fluid in 
the accumulator arrangement and the pressure of the fluid in 
the raise port of the actuator arrangement. 

6. The hydraulic ride control system of claim 5 wherein 15 
the flow restriction mechanism also includes a two position 
blocker valve disposed between the proportionally con- 
trolled two position valve and the reservoir, the two position 
blocker valve is mechanically biased to a flow blocking 
position and movable to a flow passing position in response 
to initiation of the ride control mode command. 

7. The hydraulic ride control system of claim 5 wherein 
the proportionally controlled two position valve is also 
movable towards the position to direct flow from the accu- 
mulator arrangement to the reservoir in response to initiation 
of the ride control mode command. 

8. The hydraulic ride control system of claim 3 wherein 
the first valve arrangement is biased to a flow blocking 
position and proportionally movable towards a flow passing 
position in response to initiation of the raise mode com- 
mand. 

9. A hydraulic ride control system adapted for use in a 
fluid system of a machine to cushion the ride of the machine 
in response to initiation of a ride control mode command, the 
machine having a frame with an actuator arrangement 
disposed between the frame and a load to raise and lower the 
load relative to the flame, the actuator arrangement having 
a raise port and a lower port, the actuator arrangement being 
operative upon initiation of a raise mode command to raise 
the load to a desired height in response to pressurized fluid 
being selectively directed to the raise port from a source of 
pressurized fluid and to exhaust fluid from the lower port to 
a reservoir in response to initiation of a lower mode 
command, the hydraulic ride control system comprising: 

an accumulator arrangement connectable to the raise port 
of the actuator arrangement; 

a first valve arrangement connectable between the lower 
port of the actuator arrangement and the reservoir and 
operative to selectively connect the lower port to the 
reservoir and controllably vent the accumulator 
arrangement to the reservoir in response to initiation of 
a ride control mode command; 

a second valve arrangement disposed between the accu- 
mulator arrangement and the raise port of the actuator 
arrangement and operative to selectively connect the 
accumulator arrangement to the raise port of the actua- 
tor arrangement in response to one of the initiation of 
the raise mode command and the initiation of a ride 
control mode command. 

10. The hydraulic ride control system of claim 9 wherein 
a manually operated control valve is disposed between the 
accumulator arrangement and the reservoir. 60 

11. The hydraulic ride control system of claim 9 wherein 
a two position bypass valve is disposed between the accu- 
mulator arrangement and the reservoir, the two position 
bypass valve is mechanically biased to a flow passing 
position and adapted for movement to a flow blocking 65 
position in response to pressurized fluid from the source of 
pressurized fluid. 
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12. The hydraulic ride control system of claim 11 includ- 
ing a source of pressurized pilot fluid and the two position 
bypass valve is movable to the flow blocking position in 
response to one of the source of pressurized fluid and the 
source of pressurized pilot fluid. 

13. A hydraulic ride control system adapted for use in a 
fluid system of a machine to cushion the ride of the machine 
in response to initiation of a ride control mode command, the 
machine having a frame with an actuator arrangement 
disposed between the frame and a load to raise and lower the 
load relative to the frame, the actuator arrangement having 
a raise port and a lower port, the actuator arrangement being 
operative upon initiation of a raise mode command to raise 
the load to a desired height in response to pressurized fluid 
being selectively directed to the raise port from a source of 
pressurized fluid and to exhaust fluid from the lower port to 
a reservoir in response to initiation of a lower mode 
command, the hydraulic ride control system comprising: 

an accumulator arrangement connectable to the raise port 
of the actuator arrangement; 

a first valve arrangement connectable between the lower 
port of the actuator arrangement and the reservoir and 
operative to selectively connect the lower port to the 
reservoir in response to initiation of a ride control mode 
command; 

a second valve arrangement disposed between the accu- 
mulator arrangement and the raise port of the actuator 
arrangement and operative to selectively connect the 
accumulator arrangement to the raise port of the actua- 
tor arrangement in response to one of the initiation of 
the raise mode command and the initiation of a ride 
control mode command; 

a source of pressurized pilot fluid and wherein initiation 
of the ride control mode command includes an electri- 
cally actuated two position switching valve connected 
to the source of pressurized pilot fluid and operative to 
direct pressurized pilot fluid therefrom to the first and 
second valve arrangements in response to an electrical 
input signal requesting actuation of the ride control 
system; and 

a choke and check valve arrangement disposed between 
the electrically actuated two position switching valve 
and the first and second valve arrangements, the choke 
and check valve arrangement is operative to permit free 
flow of fluid from the first and second valve arrange- 
ments to the electrically actuated two position switch- 
ing valve and to choke or restrict the rate of flow from 
the electrically actuated two position switching valve 
towards the first and second valve arrangements. 

14. The hydraulic ride control system of claim 13 includ- 
ing a pilot operated check valve disposed between the 
accumulator arrangement and the second valve arrangement 
and operative to prohibit flow from the accumulator arrange- 
ment to the second valve arrangement in the absence of a 
pressure signal from the electrically actuated two position 
switching valve and to permit flow from the accumulator 
arrangement to the second valve arrangement in response to 
a pressure signal from the electrically actuated two position 
switching valve. 

15. The hydraulic ride control system of claim 14 wherein 
the pressure signal from the electrically actuated two posi- 
tion switching valve to the pilot operated check valve is 
delivered from a location between the electrically actuated 
two position switching valve and the choke and check valve 
arrangement. 
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Operation of SRS with HBCV, 

Commems to be viewed in conjunction with drawing 042/^30018, 

When SRS is activated, valve A and B energise to allow fbw to both the accumulator (E) on the annulus 
side of the cylinder (G) and dump to tank (F). 

With SRS de-activated, both valves A and B are de-energised so system works as normal. : 

ii 

When SRS is activated, lift operates as normal, lower requires rise in pressure on the rod side of the 
cylinder to overcome HBCV (C). 

When lever in cab is positioned to lower, switch D senses 

allowing pressure to rise on rod side of cylinder to open fjtBCV (C). Upon release Df the lever from thp 
lower position, SRS system is automatically re-engaged, 



To conform to EN 1459 section 5.5,2.1 and 5.5.3.1, the accumulator (E), solenoid valves (A) and HBC\f 
(C) are in steel and mounted directly on the cylinder. 
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Review SRS/120hp/5 speed/var. flow introduction (what show could we 
market them at?) ^"es^, _ 

Demo. Smart Forks, side shift and SRS to JP. 
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RESEARCH CONTROL - DETAIL ENQUIRY Page 001 



EI/J Number 83342.739 AJ Number Project 500 PA2 

Originator R- WATERFALL Dare Received §HHI Target Date] 

Description PLEASE COULD YOU FIT ANOTHER ACCUMULATO^^O THE 
SRS SYSTEM ON T72. 



Work Area ASSY Order 
Description AS ABOVE. 



Picklist 



Location 



Target Date( 



PFK3 Terminate, PFK4 Print, 



PFK3 amend detail, PFK9 amend header 



EXHIBIT 



D-l 



RCENQR 



■■■■■■■k FORRESTERS 
RESEARCH CONTROL - DETAIL ENQUIRY Page 



MARSHALL 0 TOOLE lg)03 

001 



EI/tf Number 84142 .121 
.Originator B COVELL 
Description SRS SYSTEM 



AJ Number 

Pate Received! 



Project 5 00 

Target Date 




Work Area TEST Order Pieklist Location 

Description PLEASE PROVIDE SOMAT 2100 WITH POUR ANALOGUE 
SLICES FOR TESTING. 



Target Date | 



PFK3 Terminate/ PFK4 Print, PFK8 amend detail, PPK9 amend header 
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Page 00X 



EI/J Number 64142. X2 9 
Originator B COVELL 
Description SRS BRACKET 



A J Number 

Date Received 



Project 500 

Target Date 




work Area FAB Order PicJclist location Target Date \ 

Description PLEASE MANUFACTURER 2 OFF PLATES FROM 4 MM PLATE TO 
PATTERN ON SHEET ATTACHED. 



PFK3 Terminate, PFK4 Print, 



PFK6 amend detail, PFK9 amend header 
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EI/J Ntunber 84142.134 AJ Kumber 

-priginator B Covell Date Received 

Description 540-70 T7 2 SRS machine 



Project 500 

Target Date 





Work Area FAB Order Pickliet Location Target Date 

Description Please fit cylinder to machine and check clearance 
at full boom rotation and lower. 
If cylinder is ok f please remove and paint 
(yellow) . 

Re-fit cylinder to m/c along with pressure switch 
in cab. 

If there are any problems please contact me. 



PFK3 Terminate, PFK4 Print, PFKB amend detail, FPK9 amend header 
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EI/J Number 84142. X37 AJ Number 

.Originator B Cove 11 Date Received! 

Description SRS system on 540-70 for trial* 



Pro ject 500 

Target Date 




Work Area TEST Order Picklist Location Target Date 

Description Please run xu/c for one week to trial SRS system* 

As many drivers as possible would be preferable. 

The m/c is also fitted with a prototype airseat, 

please comment on this as well. 



PFK3 Terminate/ PFK4 Print, 



PFK8 amend detail, PFK9 amend header 
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Page 001 



EI/ J Number 84142. 13 9 
"Originator B Cove 11 
Description T72 540-70 SRS M/C 



AJ Number 

Date Received 



Project 5 00 

Target Date 




Work Area FAB Order Piekliat Location Target Date 

De script ion Please remove SRS system from m/c ready to fit to 
12 0 hp m/c. 

This will only require the removal of the lift 
ram/ which can be replaced with the original. 



PFK3 Terminate/ PFK4 Print, 



PFK8 amend detail, PFK9 amend header 
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